Abstract: The influence of electric conductivity (EC) and temperature of paddy water on several properties and the herbicidal efficacy of naproanilide 1 kg granule containing a floating carrier were investigated. This granule surfaced 7-15 mins after application, while an ordinary 3 kg granule did not rise to the surface at all. The EC of paddy water affected the surfacing ratio; the ratio was 70% when EC was 100, u S/cm, but it was 5 at 800uS/cm. Naproanilide concentration in water was also affected by EC; it was 0. 8ppm at 100, uS/cm while it was 0. 3ppm at 600, uS/ cm. Water temperature affected surfacing ratio and naproanilide concentration in water also: more than 70% and 1. Oppm, respectively, when water temperature was 25°C, but 0% and less than 0.05ppm at 10C. There was a correlation between surfacing ratio and naproanilide concentration in water. Herbicidal efficacy against Sagittaria pygmaea Miq. was low at higher EC and at lower water temperature. From these results, the surfacing phenomenon is important for release of naproanilide into water and its herbicidal efficacy.
Introduction
Granules of herbicide for paddy fields in Japan have been applied at the amount of 30kg/ha. Many trials to reduce the application amount have been conducted in the interest of labor saving, and in most cases the amount now used is 1Okg/ha. Granules used in this application are called 1 kg granules because the amount usually used in Japan is that per 10a. Similarly, granules applied at the amount of 30kg/ha are termed 3 kg granules.
A naproanilide 1 kg granule containing a floating carrier was formulated2) which showed high release of active ingredient in water and satisfactory herbicidal efficacy. The special feature of this formulation is as follows: granules applied into water first sink, but then rise to the water surface within several minutes. Examining naproanilide concentration and herbicidal efficacy under surfacing restricted conditions is regarded as one of the important methods to understand the meaning of the surfacing phenomenon. Environmental factors affecting the herbicidal properties of this formulation must also be known.
In this study, the effects of water electric conductivity (EC) and water temperature on several properties of naproanilide 1 kg granules containig a floating carrier were examined, and the importance of the surfacing phenomenon was discussed. 
Surfacing ratio
Thirty granules of the formulation were applied into 600m1 of water in a petri dish( 15cm) adjusted to various electric conductivities (EC) with calcium chloride. The number of granules rising to the water surface was counted at 25C. When the effect of water temperature was examined, EC of water was 100, uS/cm, and other conditions were as described above.
Naproanilide concentration in water
Thirty milligrams of 1 kg granules or 90mg of 3kg granules were applied into 450ml water in a deep petri dish (9cm).
Water temperature was 25C when the effect of EC was examined, and EC was 1001S/cm during determination of the effect of water temperature. Five milliliters of the water was collected with pipettes at 3cm below the surface 24hrs after application and extracted twice with dichloromethane. The extracts were dried with anhydrous Na2SO4i filtered and concentrated in vacuo. The concentrate was dissolved in methanol, and naproanilide was analyzed by high performance liquid chromatography (HPLC). A Shimadzu Model LCSA for H PLC equipped with a fluorescent spectromonitor detector (Shimadzu Model RF 530) was used. The chromatographic column was L column ODS (4. 6 x 250mm, Kagakuhin Kensa Kyokai). The flow rate of the mobile phase (methanol/water=85/15, v/v) was 1 ml/min. The excitation and emission wavelengths of the detector were 275nm and 340nm, respectively.
Herbicidal efficacy
Sample granules were applied into 1/1, 000a containers in a greenhouse 10 days after tubers of Sagittaria pygmaea Miq. were planted in paddy soil. Water depth was 4 cm, and EC of water was adjusted to 200, 400 and 8001S/cm with calcium chloride before the application. Water temperature was kept at 21C for 1 hr after application. In examining the effect of the temperature, EC was 200uS/ cm, and the temperature was adjusted to 21, 15 and 10C with ice and additional water before the application; these temperatures were maintained for 1 hr after application. Thereafter, the water temperature changed according to the room temperature of the greenhouse. During the experiment, the room temperature was 28-18C (day-night) under natural light conditions. Dry weight of the plants was examined 25 days after application. All experiments in this report were conducted with 2 replications.
Results and Discussion
As shown in Fig. l , the surfacing ratio of the granule varied according to EC of the water. The ratio at 100S/cm was 70%, while it was 50% and 5% at 400 and 8001S/ cm, respectively; 3 kg granules did not rise to the surface at all.
EC affected naproanilide concentration in water applied with 1 kg granules. The concentration decreased as EC increased, being more than 0. 7ppm when EC was 1-2001S/cm, while it decreased to 0. 05ppm at 800 ji S/cm (Fig. 2) . The concentration of 3 kg granules was slightly affected by EC. The decline in concentration was considered to be caused by decrease in the surfacing ratio, but the physicochemical reason for the reduction in surfacing ratio with higher EC of water is unclear.
As shown in Fig. 3 , the surfacing ratio of 1 kg granules at 20-30C was 70-80%; at 15 and 10C, it was 55% and 0 % respectively. Water temperature affected naproanilide concentration in water applied with 1 kg and 3 kg granules. The concentration with 1 kg granules decreased as water temperature decresed; it was 0.9-1.0ppm at 20-30C and 0. 5ppm at 15C (Fig. 4) . The influence of water temperature on 3 kg granules was less than that on 1 kg granules. The reason the surfacing ratio decreases drastically at low temperature is not yet clear.
The main purpose of this study was to determine the significance of the surfacing ratio of naproanilide 1 kg granules. Figure 5 shows the correlation between surfacing ratio and naproanilide concentration plotted a. i. /ha at 400 and 800, uS/cm, respectively at the same temperature. The herbicidal efficacy was lower when the EC of water was higher, probably because the release of this compound was inhibited by the higher EC. Water temperature at the time of application also affected the efficacy: ID50 was 0.55, 0.89 and 1.61kg a. i./ha at 21, 15 and 10C, respectively, at 200, u S/cm. The efficacy was lower under lower temperature conditions. These data indicate that naproanilide shows low efficacy when the release is inhibited by environmental factors. There was correlation between the concentration of pyrazolate active ingredient in paddy water and herbicidal efficacy7,8). As shown in this example, concentration of active ingredient in water is important for efficacy. Granule dispersion in paddy water is also a factor affecting off icacy4,5). Pyrazolate granules showed poor herbicidal efficacy under fertilized conditions6), because granule dispersion was inhibited under these conditions. But it seems that the herbicidal efficacy of naproanilide 1 kg granules was decreased by inhibition of the granule surfacing under higher EC conditions. Environmental factors affecting herbicide performance must be examined, when a new type of formulation is developed because herbicidal efficacy differs among formulation typesh9). The EC of paddy water was adjusted with calcium chloride in this study, but determination of the herbicidal efficacy under fertilized conditions is necessary for practical value.
The efficacy of the 3 kg granule, which showed lower concentration is the same as that of 1kg granule2). This suggests that efficacy of 3 kg granule is realized by other factors such as larger number of granules on unit area. If the number is large, naproanilide is uniformly distributed in paddy fields, and the herbicidal efficacy will be high. Detailed comparison between 1 kg and 3 kg granules as to the influence of environmental factors is now being made.
Flowable and granular formulations of butachlor, chlornitrofen and dymron showed higher herbicidal efficacy at high temperatures than at low3). Generally, herbicides do show stronger activity at high temperature due to (1) better release of active ingredient into paddy water, (2) rapid penetration and translocation into plants, (3) rapid transformation to active form, if necessary and (4) perhaps, higher sensitivity of plants themselves to metabolic disturbance. Because water temperature was kept low only 1 hr after application in this experiment, the principal reason that naproanilide 1 kg granules showed lower activity at low temperature is thought to be that release of the active ingredient was not sufficient.
In conclusion, the surfacing phenomenon of the 1 kg granule plays an important role in naproanilide diffusion and herbicidal efficacy. 
